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Utilizing the scales theory of electromagnetic theory, the anisotropic dielectric material is 
reconstructed into an isotropic medium. The analytic expressions of scattering field and the 
scattering breadth for an anisotropic material cylinder are first presented. Their validities are 
checked theoretically. The influences induced by the dielectric constant tensor etc. on the 
scattering breadth are simulated. The results show that the scatterings both in the forward direction 
and vertical direction to the incident direction are strong. The dielectric constant in the polarizing 
direction has a biggish effect on scattering field. The mechanism of results is presented. 
PACS：41.20.Jb，42.25.Dd，42.25.Fx 
 
I. INTRODUCTION 
The investigations of interactions between electromagnetic (E.M.) waves and the anisotropic 
dielectric targets and their applications have become increasingly important in recent years, 
particularly in the areas of remote-sensing and detection [1-6]. The E.M. wave’s propagation in 
the uniaxial anisotropic medium is researched [7] by using the transmission matrix, however this 
wave propagation in a general anisotropic dielectric material could not be studied. In literatures 
[8][9], The E.M. wave scattering features of a two dimensional anisotropic material and expanded 
form of wave function in the material are analyzed in detail. The numerical algorithms, for 
instance the moment method, are also utilized to study the E.M. scattering of three dimensional 
anisotropic medium targets [10]. From the means of studying, the techniques used in researching 
the scattering of E.M wave by the anisotropic targets may be divided into two kinds, namely, the 
analytical method and the numerical method. The analytical research is not very appeared since its 
complexity. The results of E.M. propagation and scattering in part literatures are incorrect [15] 
since the dielectric constant tensor having been considered as the same both in the right angle 
coordinate system and spherical coordinate system and neglect the factor that the orthogonality of 
wave functions is based on the wave equation that obtained in the isotropic space.  
In this paper, we use the scales theory of E.M. wave to reconstruct the anisotropic material 
into an isotropic medium. The analytical expressions of E.M. waves inside and outside the 
anisotropic cylinder are presented and then its scattering width is obtained. The influences of 
dielectric tensor and the incident wave angle etc. on scattering width are demonstrated. The 
obtained results are useful in the anisotropic target’s detection and the time harmonic factor 
tje ω− is adopted.    
 
II. THE SCATTERING PROPERTY OF AN ANISOTROPIC DIELECTRIC 
CIRCULAR CYLINDER 
 
A Electromagnetic reforming of an anisotropic dielectric cylinder 
There is an anisotropic medium cylinder, which radius is R. Its center and the original of the 
primary coordinate system Σ are located at the same point. Its axis is in z-direction as shown in 
Fig.1 and electromagnetic parameters are given as   
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We know from literatures [11][12] that the electromagnetic parameters in Σ’ coordinate system 
become 
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The symbols ba, and c are the scales’ factors. In order to reduce the error, we may choose the 
factors as 
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Figure1：A plane electromagnetic wave irradiates a cylinder  
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Expression（1）follows that the electromagnetic anisotropic material may be reformed into a 
isotropic dielectric medium and anisotropic material in magnetism in Σ’ coordinate system.  
Since 0µ =10-9 and im ε/2 has the same order, so the difference in magnetism becomes the order 
of 10-10. This error may be neglect in applications, so we can think that the cylinder in Σ’ 
coordinate system is an isotropic material one.  
 
B The scattering property of an anisotropic dielectric cylinder 
A plane electromagnetic wave polarizes in z-direction. Its expression in Σ coordinate system is 
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From the Maxwell’s equation HE 0ωµj−=×∇ , we have 
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It is so obtained 
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According to the incident wave expressions, the scattering fields are assumed as  
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The inner field of the cylinder in Σ’ coordinate system may be written as 
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After expressing the angle function in（6）with the functions in Σ coordinate system[11][12], we 
have  
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After putting above expression into expression（6）, we obtain the expression in Σ coordinate 
system 
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When the material is an isotropic one, that is 1=== cba ，  ε=m ， and 
now 0000 ,1, mkkg t === φβ ，expression（6）has been changed as  
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The above is just the expression used in the literatures for solving the scattering field from an 
isotropic dielectric cylinder. The validity is demonstrated here. By using the Maxwell equation and 
above formula, we may obtain the magnetic field as 
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On the cylinder’s surface R=ρ , the tangential components of E and H are continued. So we get 
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We simplify the above expressions and obtain 
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From expressions (8)(9), the coefficients are easy derived 
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Now the scattering fields and the transmitting fields of the anisotropic dielectric cylinder are 
obtained since the coefficients na and nb are presented. It is obviously that when the target is 
isotropic medium 0mkkt = , expression (10) is in agreement with that in the literature. We put the 
expression ( )( )xHn2 into expression (4) as 1>>x , the following is obtained 
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The scattering width is presented 
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When the incident wave polarizes in x-direction, we may also research the scattering property of 
anisotropic material cylinder. There is no need to study it here. Followings are partial simulations:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2：Scattering width changes with  
the incident angle  
Figure 3：Scattering width changes with 
the observing angle 
 
Figure 4：Scattering width changes with 2ε
 
Figure 5：Scattering width changes with 1ε  
 
 
 
 
 
 
 
 
 
 
 
In figure 2, the change of scattering width versus the incident angle is shown in which the 
observing angle is 6/πφ = . They are shown that for the anisotropic dielectric cylinder there is a 
buildup effect in the forward scattering direction, in the direction vertical to the incident direction, 
namely 3/20 πφ = or 3/0 πφ = , the scattering width is bigger and ( )ϕK  generally shows a 
periodicity. Figure 3 shows the change of ( )ϕK  with the observing angle. Its periodicity is 
obvious. In the direction perpendicular to the incident direction, that is 3/5πφ = , the scattering is 
big, which is similar to dipole radiation. Figure 4 to figure 6 demonstrate the influences induced 
by the dielectric tensor. It can be seen that the change of scattering width versus to the tensor is 
very complex. When the dielectric constant is in the direction vertical to the electric field, the 
change of scattering width versus to it is slowness. When the dielectric constant is in the direction 
parallel to the electric field, the change of scattering width versus to it is acuteness and there is a 
periodicity. Since we always measure the scattering field in the direction perpendicular to 
z-direction, this measured field should be the radiated field. It is mainly produced by electric 
dipole in z-direction. When the magnitude of incident wave is given, the electric dipole is 
proportional to the dielectric constant in z-direction. Therefore the dielectric constant in z-direction 
has a bigger influence.   
 
III. CONCLUSION 
    Based on the theory of electromagnetic field, we reconstruct the anisotropic dielectric 
material into isotropic one. The influence induced by dielectric tensor on permeability is analyzed 
after the reconstruction. By using the relations of parameters between the scale coordinate system 
and the primary coordinate system, the scattering field and the scattering width for an anisotropic 
medium cylinder are presented. The impacts resulted by the observing azimuth, wave incident 
angle and the tensors on the scattering width are researched. In Ku wave band, partial simulations 
are calculated. It is shown that in the forward scattering direction and in the direction vertical to 
the incident direction the scattering width is bigger. The dielectric constant in the polarizing 
direction has a large impact on scattering width and its physical analysis is processed. How to with 
the scales theory of electromagnetic field research the scattering properties of a finite anisotropic 
dielectric cylinder and the anisotropic medium sphere are our future works, which may fill up the 
 
Figure 6：Scattering width changes with 3ε
shortness of no analytical solutions in E.M. wave scattering for the simple anisotropic material 
targets. 
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